Introduction
Johne's disease, caused by Mycobacterium avium subspecies paratuberculosis (MAP), is being increasingly recognized as a significant herd health problem; thus, there is a need for a reliable diagnostic tool for large-scale use to facilitate control and prevention programs and eventually eradicate the disease. MAP is an extremely slow-growing, acidfast and mycobactin-dependent pathogen to grow. Infection with this bacterium leads to a chronic granulomatous enteritis in a broad range of hosts mainly in cattle and other wild and domestic ruminants [1] .
Detection of MAP-infected animals poses great difficulties, thus rapid and reliable procedures for the direct detection of MAP in the herd and food samples are still challenging. Efforts have been made in the last few decades to develop protocols for the detection of MAP in feces, milk, tissue, food, and environmental samples using various methods. Fecal culture and serology are the most commonly used tests in the clinical laboratories [1] . The gold standard for Johne's disease is identification of the etiologic agent, MAP, in tissues that show characteristic histopathologic lesions [2] . Culture will require 8 to 12 weeks and has well known limitations in sensitivity, especially in sub clinically infected cattle, and turnaround time; nonetheless, culture or some other method to detect MAP directly still has a place at certain stages of a Johne's disease control program [3] .
With the development of new molecular techniques, more powerful protocols have become available to improve the detection of MAP. PCR is a powerful method for specific detection of DNA sequences, for which samples can be taken from colostrum, milk, feces, and tissues [4, 5] . For molecular detection of MAP, PCR assays targeting various regions specific for MAP were reported from different laboratories. Some of the PCR target genes include MAP-specific genomic sequences such as the insertion sequence IS900, F57 element, IS1311 insertion sequence and hsp X gene [5] [6] [7] . Of these, multi-copy IS900 is a target of choice and is the most widely used in the characterization of MAP. The characterization of IS900 insertion sequence, which has 1,451 base pairs and is present as 15 to 20 copies in the MAP genome, has enabled the accurate identification of minimum amounts of bacterial DNA by the polymerase chain reaction (PCR) assay [8] . Furthermore, by suppression subtractive hybridizationbased method, nine novel MAP fragments of between 318 and 596 bp have been identified and characterized. A database search revealed little or no similarity with other Mycobacterium species [9] .
It is essential to authenticate the existing protocol and targets to have an efficient method for the detection of M. avium subsp. paratuberculosis. The objective of this study was to compare and validate the real-time PCR results of IS900-insertion sequence and nine putative sequences as diagnostic tools to detect MAP. 
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DNA Extraction
PrepMan kit (Applied Biosystems, Carlsbad, CA) was used to extract DNA from the culture. Briefly, the samples were centrifuged at a medium speed (3 min at 10,000 × g) on a tabletop centrifuge to pellet the cells. After the supernatant has been discarded, the pellet was washed and resuspended in 100 µl of the PrepMan reagent. After brief vortexing, the mixture was boiled at 100°C for 10 min. The preparation was centrifuged, and the supernatant was used as the template for PCR and stored at -20°C for future use. Before PCR assay, the extracted DNA was quantified by ND-1000 spectrophotometer (NanoDrop, Wilmington, DE).
Real-time Polymerase Chain Reaction
The sample preparation, DNA extraction, PCR mixture assembly, and post-PCR analysis were performed in separate laboratory rooms. DNA extracted from the culture was quantified and subjected to real-time PCR. The real-time PCR assay was performed using Brilliant III Ultra-Fast SYBR Green QPCR Master Mix (Agilent Technologies, Santa Clara, CA). The PCR targets were IS900 insertion sequence and other nine putative sequences [AF503872 (Mptb52.1), AF503873 (Mptb52.16), AF503874 (Mptb52.6), AF503875 (Mptb54.16), AF503876 (Mptb54.24), AF503877 (Mptb54.33), AF503878 (Mptb55.15), AF503879 (Mptb61.32), AF503880 (Mptb62.12)] described and deposited in GenBank [9, 10] .
Primers specific for the targeted genes (Table 1) were selected from previously published literature and optimized. Controls consisted of reaction mixture alone (negative control) and a positive control containing one µl of genomic DNA from reference M. avium subsp. paratuberculosis (ATCC baa 968, 19851 and 43015). Melting curve profile and conventional gel analysis were performed to confirm the positive PCR results. All realtime PCR assays were performed at least in duplicate using Stratagene Mx3000P ® real-time PCR instrument (Stratagene, La Jolla, CA).
Gel electrophoresis
After PCR was completed, 10 µl of the real-time PCR amplification reaction was mixed with GelRed (Biotium, Hayward, CA) mixture and electrophoresed in Tris-acetate-EDTA buffer through a 2% agarose gel. Bands of the appropriate size were identified by comparison with a DNA ladder (Roche Molecular Biochemicals, Indianapolis, IN).
In silico PCR
In silico PCR (virtual PCR) was performed from a sequence database with selected pairs of PCR primers, using an indexing strategy for fast performance. The virtual PCR is considered to have high stringency [11] .
The specificity of the primers was confirmed by in silico PCR Amplification against 65 Mycobacterium species. In silico PCR searches a sequence database with a pair of PCR primers, using an indexing strategy for fast performance. This PCR simulation was performed against the most current sequenced Mycobacterium genomes which allow a maximum of 2 mismatches between primers and templates, so the stringency of in silico PCR must be considered high. All the currently available Mycobacterium species sequence data (Table 2) were checked against the selected primers.
Results and Discussion
Availability of the completed sequences of MAP genome supported the identification of more specific diagnostic sequences [12, 13] . The availability of the sequence database brings clarity to unresolved questions surrounding the pathogenesis of MAP in animals and humans and also facilitates the development of detection kits. Table 1 : Specific primers used in the real-time PCR to amplify IS900 and the putative sequences with the corresponding amplicon size.
F-forward primer and R-reverse primer. Open Access present in multiple copies in MAP genome, has been reported to reduce the time and labor required for the MAP detection [10] . The primary focus of this study was to evaluate and optimize the specificity of PCR-based molecular detection for the MAP targeting insertion sequence IS900 and other repetitive sequences as uniplex and/or multiplex PCR to detect MAP. To validate the IS900 insertion sequence and the repetitive/putative sequences, appropriate primers were selected/adopted and validated by both real-time PCR and in silico PCR.
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Real-time PCR
In this study, the specificity of the real-time PCR assays was optimized by the analysis of genomic DNA from a panel of different Mycobacterium species which includes three MAP reference strains, 13 MAP clinical isolates from cattle and six non-MAP isolates. The genomic DNA samples were subjected to PCR assays targeting IS900 insertion sequence and additional nine putative sequences against MAP and non-MAP cultures as uniplex and also multiplex platforms. The results showed that IS900 and the putative sequence-specific primer pairs were amplified only from genomic DNA extract of the MAP reference strains and clinical MAP isolates. As shown in Figure 1 
In silico PCR analysis
This virtual PCR was simulated against up-to-date sequences of Mycobacterium genomes in the database. A total of 23 Mycobacterium spp and 65 strains were verified against IS900 insertion sequence and the other nine repetitive sequences ( Table 2 ). The virtual PCR results showed that IS900 and the putative sequence-specific primer pairs amplified specific targets only from MAP. Furthermore, the in silico simulation results showed that all the primers selected for each of IS900 segment and the putative sequences were amplified only from MAP samples and not from any of the non-MAP species. The amplicon sizes were at the expected range as in published literature and no secondary bands were detected (Figure 3 ).
In general Several PCR assays have been developed for the detection of M. avium subsp. paratuberculosis [14, 15] . The most prominent target used in several studies to detect DNA of M. avium subsp. paratuberculosis by PCR is the insertion element IS900 [15] [16] [17] . The multicopy (17 copies) nature of the IS900 sequence on the M. avium subsp. paratuberculosis chromosome makes it ideal as a target sequence for the detection of MAP, since it exhibits a higher level of sensitivity compared to the use of singlecopy genes as targets [18, 19] .
The specificity of IS900 diagnostic PCR, however, has been also questioned and some reports indicated the presence of IS900-like sequences in Mycobacterium species other than MAP which may increase the risk of false MAP positive results [20, 21] . Rajeev et al. (2005) reported the isolation of one non-MAP Mycobacterium strain positive for IS900 PCR, which has not yet been typed [22] .
Some reports described that the problem of false negative PCR results might arise from difficulties in the disruption of the robust cell wall of MAP and insist that the mechanical disruption step may be needed to ensure the maximal release of DNA from MAP cells present in the tissue sample. The efficient procedure to release the DNA could hence maximize the PCR detection sensitivity [10] .
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Mycobacterium Table 2 for the Mycobacterium spp. list).
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In general, the diagnostic performance of IS900 insertion sequencetargeted detection techniques could be limited or misinterpreted due to various factors. These include isolation of organism-specific DNA; origin of the sample; lack of selection of proper primers; PCR amplification in the presence of inhibitory substances in preferred clinical specimens; and also the presence of concurrent Mycobacterium species [1, 15] . Furthermore, the possible explanations for this heterogeneity might be host-pathogen interactions, host preference of MAP strains and pathogen adaptation to the environmental factors [10] . Based on the samples tested and the methodology outlined in our study, IS900 and the additional nine putative sequences are specific to use in PCR as uniplex and/or multiplex applications.
